We report the crystal structure and crystallization conditions of a first hydrated form of metacetamol (a hemihydrate), C 8 H 9 NO 2 Á0.5H 2 O. It crystallizes from metacetamol-saturated 1:1 (v/v) water-ethanol solutions in a monoclinic structure (space group P2 1 /n) and contains eight metacetamol and four water molecules per unit cell. The conformations of the molecules are the same as in polymorph II of metacetamol, which ensures the formation of hydrogen-bonded dimers and R 2 2 (16) ring motifs in its crystal structure similar to those in polymorph II. Unlike in form II, however, these dimers in the hemihydrate are connected through water molecules into infinite hydrogen-bonded molecular chains. Different chains are linked to each other by metacetamol-water and metacetamol-metacetamol hydrogen bonds, the latter type being also present in polymorph I. The overall noncovalent network of the hemihydrate is well developed and several types of hydrogen bonds are responsible for its formation. research papers Acta Cryst. (2019). C75, 1465-1470 Zemtsova et al. A novel crystal form of metacetamol
Introduction
The search for new solid forms, such as polymorphs, solvates, hydrates, salts and cocrystals, is of much interest for science and industry (Bernstein, 2002; Hilfiker, 2006; Healy et al., 2017) . This is especially important in the field of pharmaceuticals (Stahl & Wermuth, 2002; Karki et al., 2007; Brittain, 2009) . Two different solid forms of an active pharmaceutical ingredient (API) may drastically differ in their properties (stability, solubility, dissolution rate and many others), which strongly affects their possible applications (Bernstein, 2002; Healy et al., 2017; Nicoud et al., 2018) . More than a quarter of the substances in the European Pharmacopoeia are formulated as hydrates (Griesser, 2006) . Their use represents a way of improving the technological and physicochemical properties of APIs (Khankari & Grant, 1995; Bernstein, 2002; Hilfiker, 2006; Healy et al., 2017) . Unlike solvates, which are necessarily metastable and quickly lose solvent molecules, hydrates can be stable under ambient conditions due to the presence of water vapour in the air (Khankari & Grant, 1995; Bernstein, 2002) . Besides that, compared to other solvents, water is not toxic for humans; thus, the formulation of an API in its hydrated form does not augment side effects. Nevertheless, hydrates need to be investigated thoroughly before marketing since they may gain or lose water molecules on storage, thereby transforming into another solid form with ISSN 2053 ISSN -2296 # 2019 International Union of Crystallography different properties (Khankari & Grant, 1995; Bernstein, 2002; Tilbury et al., 2018) .
One of the most manufactured pharmaceutical compounds worldwide is paracetamol [or N-(4-hydroxyphenyl)acetamide], an API substance with analgesic and antipyretic properties (Barden et al., 2004; . Its commercially used form I exhibits poor compactability, unless specially prepared as porous microballs (Ogienko et al., 2011) , and so this compound remains of great interest with respect to the search for new solid forms applicable for direct compression (Haisa et al., 1976; Espeau et al., 2005; Keshavarz et al., 2019) . In addition, since paracetamol is known for its hepatotoxicity (Bunchorntavakul & Reddy, 2013; Njoku, 2014) , structurally similar compounds are of interest (McGregor et al., 2015; Andrusenko et al., 2019) . In particular, one of the possible alternatives is metacetamol [or N-(3-hydroxyphenyl)acetamide], the closest analogue and isomer of paracetamol (Hadi et al., 2013) . To date, only two polymorphs and one cocrystal are known for metacetamol (Hansen et al., 2006; McGregor et al., 2015; Shinozaki et al., 2019) ; no information about its hydrates and solvates is present in the Cambridge Structural Database (Groom et al., 2016) . We report here the structure of a first hydrated form of metacetamol (as the hemihydrate) and the conditions of its crystallization. The crystal packing of this hemihydrate was analysed and compared with the packings of the two polymorphs of metacetamol.
Experimental

Materials
A commercial sample of metacetamol was purchased from Acros Organics and contained polycrystalline polymorph I (purity ! 99%). All the solvents employed in this work were used without additional purification or drying.
Synthesis
Crystallization of metacetamol from its saturated waterethanol and water-isopropanol solutions with different volumetric ratios of water and the alcohol (1:9, 1:4, 3:7, 2:3, 1:1, 3:2, 7:3, 4:1 and 9:1 for both alcohols) was studied at room temperature using the slow-evaporation technique. The saturated solutions were prepared in the following way. First, 1 g of a commercial sample of metacetamol was added to 10 ml of a water-alcohol mixture. The solution, containing a precipitate, was kept in a sealed container for one week. After that, it was filtered into a glass vial using 8 mm pore size filter paper (Filtrak 391). The vial was kept at room temperature for several hours. The crystals which grew in the vial were monitored under a Nikon AZ 100 optical microscope with and without polarized light and selected for single-crystal X-ray diffraction experiments (see x2.3).
The crystals of the hemihydrate of metacetamol grew concomitantly with those of its polymorph I from the saturated 1:1 (v/v) water-ethanol solution, so that the process of crystallization from this solution was additionally studied using other techniques. In the first method, 0.1-0.8 ml drops of the solution were selected using a micropipette and placed on a glass slide. Crystal formation from these drops was moni- Computer programs: CrysAlis PRO (Rigaku OD, 2015) , SHELXS97 (Sheldrick, 2008) , SHELXL2018 (Sheldrick, 2015) and OLEX2 (Dolomanov et al., 2009 ).
Figure 1
Results of crystallization from drops of saturated solutions of metacetamol in a 1:1 (v/v) water-ethanol mixture prepared at (a) room temperature, (b) 50 (2) C (b) and (c) 75 (2) C. A different ratio of needles (polymorph I) and blocks (hemihydrate) at different temperatures is clearly seen. tored under a Nikon AZ 100 optical microscope with and without polarized light. In addition, saturated solutions of metacetamol in a 1:1 (v/v) water-ethanol mixture were prepared at 50 (2) and 75 (2) C. The above-described procedures of crystallization from drops and using the slowevaporation technique were repeated for these solutions.
Single-crystal X-ray diffraction
Crystal data, data collection and structure refinement details are summarized in Table 1 . Crystals of suitable quality and size were selected under an optical microscope with polarized light and mounted using MiTiGen LV Cryo Oil on an Agilent Xcalibur Gemini Ultra diffractometer. All H atoms were initially located in a difference Fourier map. The positions of the H atoms of the methyl groups and the water molecule were subsequently refined using a riding model, with C-H = 0.96 Å for the methyl group and U iso (H) = 1.5U eq (C,O) for the methyl and OH groups. The positions and isotropic displacement parameters of all other H atoms were refined freely. The water molecule was disordered over two sites and refined with relative occupancies of 0.736 (6) and 0.264 (6).
Results and discussion
Crystallization
Previous studies of metacetamol indicated that the only product of its crystallization from solution was the thermodynamically stable polymorph I (Hansen et al., 2006; McGregor et al., 2015) . The crystals of the metastable polymorph II were shown to grow either at the interface of the aqueous-organic layers or from the melt (McGregor et al., 2015) . In this work, the list of solvents from which exclusively polymorph I can crystallize was extended to water-alcohol mixtures of different composition (see x2.1 for more details). Nevertheless, crystallization from the 1:1 (v/v) water-ethanol solution often gave concomitantly needles (corresponding to the polymorph I of metacetamol) and blocks (a previously unknown form which was further identified as metacetamol hemihydrate) ( Fig. 1) . To find the optimal conditions for obtaining the hemihydrate of metacetamol as a pure phase, a series of crystallization experiments was performed for saturated equimolar water-ethanol solutions of metacetamol prepared at three different temperatures [room temperature, 50 (2) and 75 (2) C].
For all the prepared solutions, crystallization from drops and using the slow-evaporation technique from a larger bulk led to the same qualitative results. The mixtures of polymorph I and the hemihydrate were formed at all the mentioned temperatures. In almost all crystallization trials performed at room temperature, the nuclei of polymorph I were formed first and grew faster than the nuclei of the hemihydrate, thus resulting in the predominant crystallization of the anhydrous form ( Fig. 1a) . In contrast, when crystallizing from the solutions prepared at 50 (2) C, only the nuclei of the hemihydrate were originally formed and grew. After some time, together with cooling the drops, crystals of form I were formed, but the hemihydrate remained the main product in this case ( Fig. 1b ). Interestingly, crystallization at higher temperature [75 (2) C] again led to the predominance of polymorph I in the product mixture (Fig. 1c ). The observed results agree well with the fact that the hemihydrate has a lower stability and, respectively, a larger solubility in the trial solutions, than polymorphic form I. It is necessary to achieve a larger degree of supersaturation in order to enable the crystallization of the hemihydrate. This fact can be implemented by preparing a saturated solution at higher temperature and further cooling to room temperature. In this case, the solution becomes supersaturated in relation to both the hydrated and anhydrous forms, and the final ratio of these forms is defined by kinetic features of the nucleation and nuclei growth processes. Apparently, the rates of these processes for the hemihydrate of metacetamol are higher at 50 (2) C and, vice versa, lower at 75 (2) C than for its polymorph I, so that different ratios of these forms are observed at these two temperatures. The asymmetric unit of the hemihydrate of metacetamol with the atomnumbering scheme. Thus, the optimal method for growing good-quality single crystals of the hemihydrate of metacetamol consists in performing crystallization from saturated solutions of metacetamol in an equimolar water-ethanol mixture prepared at 50 C (for more details, see x2.1).
Crystal structure analysis
Metacetamol hemihydrate crystallizes in the monoclinic space group P2 1 /n with eight metacetamol and four water molecules per unit cell. The asymmetric unit of the cell contains two non-equivalent metacetamol molecules and one water molecule disordered over two sites with occupancy factors of 0.736 (6) and 0.264 (6) (Fig. 2) . The metacetamol molecules are almost flat, with torsion angles of <8 if considering non-H atoms only. The torsion angle which deviates most from zero ($8 ) is formed by the C71 and N11 atoms of the imide group and the two neighbouring C atoms of the benzene ring (C11 and C21 or, equivalently, C11 and C61; numeration according to Fig. 2) . It is noteworthy that the value of this angle differs in the two polymorphs of metace-tamol; while it is even smaller in polymorph I ($5 ) than in the hemihydrate, its value in polymorph II is significantly higher ($27 ), which makes the conformation of the metacetamol molecules nonplanar in that form (Hansen et al., 2006; McGregor et al., 2015) .
It is important to note that the metacetamol molecule can generally exist in the form of two conformers differing in the mutual arrangement of the C O and O-H groups (A and B conformers in Fig. 3) . The molecules in the hemihydrate adopt the A conformation, where the C O and O-H groups are located on the same side of the plane (see Fig. 3 ). The same type of molecular conformation is present in form II of metacetamol, which ensures the formation of isolated O-HÁ Á ÁO C hydrogen-bonded dimers in its crystal structure (McGregor et al., 2015) .
The crystal structure of metacetamol hemihydrate is characterized by a well-developed three-dimensional hydrogenbond network (Table 2) . Each heteroatom having a lone pair or a H atom is involved in hydrogen bonding with another molecule (only the imide N atom does not act as a hydrogenbond acceptor, since its lone pair is delocalized into the C O group). All the molecules are packed in two sets of parallel planes disposed at an angle of $55 with respect to each other (Fig. 4) . The molecular planes consist of sets of molecular chains containing two alternating types of dimers formed by symmetry-equivalent metacetamol molecules, which are linked to each other through the water molecules (Fig. 5) . (2) Symmetry codes: (i) Àx; Ày þ 1; Àz þ 1; (ii) Àx þ 1 2 ; y À 1 2 ; Àz þ 3 2 ; (iii) x; y À 1; z; (iv) Àx þ 1; Ày; Àz þ 1; (v) Àx þ 1; Ày þ 2; Àz þ 1.
Figure 4
The crystal packing viewed along the c axis, showing two sets of parallel planes disposed at an angle of $55 to each other. The H atoms are not shown for the sake of clarity.
Figure 5
A crystal packing fragment showing the structure of the molecular chains formed by D 3 3 (11) > f > a < f and D 3 3 (13) < d > c > d hydrogen-bonded motifs. The R 2 2 (16) > a > a and R 2 2 (16) > c > c ring motifs are also denoted. The colour scheme is in accordance with the symmetry equivalence of the molecules.
H12Á Á ÁO22(Àx + 1, Ày + 2, Àz + 1) and O11-H11Á Á ÁO21(Àx, Ày + 1, Àz + 1) hydrogen bonds (different bond types correspond to symmetry-inequivalent dimers), which are the shortest in the structure (Table 2) . This dimeric arrangement of molecules corresponds to the R 2 2 (16) hydrogen-bonded structural motif in graph-set description [actually, R 2 2 (16) > a > a and R 2 2 (16) > c > c rings due to the symmetry inequivalence of different dimers; see Fig. 5 ]. The same rings are present in the crystal structure of metacetamol polymorph II which, as was mentioned before, consists of molecules with practically the same conformation as in the hemihydrate (McGregor et al., 2015) . However, these dimers in polymorph II are isolated, i.e. they do not have any hydrogen bonds to each other. In the hemihydrate of metacetamol, these dimers are, on the contrary, linked to each other by hydrogen bonds through the water molecules present in the structure (Fig. 5) . In one type of dimer formed by symmetry-equivalent metacetamol molecules, the N atoms of the imide groups serve as hydrogenbond donors for the N12-H12AÁ Á ÁO1WA(x, y, z) and N12-H12AÁ Á ÁO1WB(x, y, z) hydrogen bonds with disordered water molecules. This leads to the formation of D 3 3 (13) < d > c > d motifs. The molecules in the other type of metacetamol dimer with different symmetry are linked to the water via the O1WA-H1WBÁ Á ÁO11(Àx + 1, Ày, Àz + 1) and O1WB-H1WDÁ Á ÁO11(Àx + 1, Ày, Àz + 1) hydrogen bonds, the O atoms of the hydroxy groups in these molecules acting as hydrogen-bond acceptors. Similarly, such bonding leads to the formation of finite D 3 3 (11) > f > a < f motifs. Considering these motifs together with the above-mentioned D 3 3 (13) < d > c > d sets, one can see the infinite molecular chains sustained by different types of hydrogen bonds (Fig. 5) .
The molecular chains located in different parallel planes are linked to each other via the long O1WA-H1WAÁ Á ÁO22(x, y À 1, z) hydrogen bonds. These bonds are formed by the H atom of the water molecule disposed out of the plane containing the molecular chains and the O atom of the C O group in the other plane. Interestingly, only water molecules belonging to the disordered A-sites participate in weak hydrogen bonding. The molecules positioned in the B-sites do not form such bonds if considering their mutual arrangement with respect to the C O groups of metacetamol molecules. It is also worth noting that water molecules from A-sites link the symmetry-equivalent metacetamol molecules to each other so that infinite C 2 2 (6) > d > e chains form along the b-axis direction (Fig. 6) .
Two sets of molecular chains disposed at a $55 angle alternate with each other in the three-dimensional structure (Fig. 4) . These tilted chains are linked by the imide N and the hydroxy O atoms of different symmetry-inequivalent metacetamol molecules via the N11-H11AÁ Á ÁO12(Àx + 1 2 , y À 1 2 , Àz + 3 2 ) hydrogen bonds. Such hydrogen bonding is also present in the structure of metacetamol polymorph I, but the linked molecules are symmetry equivalent in it (Hansen et al., 2006) .
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Figure 6
The crystal packing viewed along the a axis, showing the infinite C 2 2 (6) > d > e chains running along the b-axis direction. The molecules are coloured according to their symmetry equivalence. 
Computing details
Data collection: CrysAlis PRO (Rigaku OD, 2015) ; cell refinement: CrysAlis PRO (Rigaku OD, 2015) ; data reduction:
CrysAlis PRO (Rigaku OD, 2015) ; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL2018 (Sheldrick, 2015) ; molecular graphics: OLEX2 (Dolomanov et al., 2009) ; software used to prepare material for publication: OLEX2 (Dolomanov et al., 2009 ). Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
N-(3-Hydroxyphenyl)acetamide hemihydrate
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) 0.0635 (13) 0.0408 (10) 0.0355 (10) 0.0051 (9) 0.0097 (9) 0.0050 (8) C32 0.0593 (12) 0.0427 (10) 0.0399 (10) −0.0008 (9) 0.0121 (9) 0.0027 (8) C42 0.0567 (12) 0.0621 (13) 0.0371 (11) −0.0042 (10) 0.0088 (9) 0.0101 (9) C52 0.0611 (13) 0.0653 (14) 0.0539 (13) 0.0110 (11) 0.0130 (10) 0.0257 (11) C62 0.0609 (13) 0.0512 (12) 0.0606 (13) 0.0134 (10) 0.0174 (10) 0.0142 (10) C72 0.0611 (12) 0.0443 (11) 0.0457 (11) 0.0027 (9) 0.0160 (9) −0.0040 (9) C82 0.0814 (15) 0.0609 (13) 0.0533 (12) −0.0013 (11) 0.0257 (11) −0.0134 (10) O1WA 0.093 (2) 0.0519 (15) 0.160 (3) 0.0120 (14) 0.050 (2) −0.0140 (15) O1WB 0.095 (7) 0.078 (7) 0.205 (10) 0.029 (6) (2) 2.822 (7) 157 (2) 
